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VATICUAL ADVISORY COMIITTZ? TOR ATOITAUTICS
T ICRATUM REPOND
for the
Army Alr Ferees, Alr Teohnienl Service Comrnand
AUALYSIS AND COUZLATION CF DATA OETAIVED BY SIX LARRATORIES OF
IXI~-VAPCR IN3S FROI! FUEL TAUKS DURIUG SIKULATED FLIGHIT

* 3¢ Charles 8, 8tcne, 8ol Baker, and
Gornld ¥, Inglert

STLALY

Drtn on fuel=vavor leoss from fuel tnnica dnring eimulated flight
obtalned by sl luboratsries were raanlyzed to show the effeets of
individaed veriables euch ns eliitude, initiel fuel *ewmperaturo,
rate of olimh, tooster--mump sgltotion, fiel deuth, fiel-murface
nren, tyves 2f fiel, and vent-line treeauro drov on fuol-vnror lons.
Froxm thls ourlysis, the followir: cozclusiors were reachodt

1, Mol=wrysr locses durirg flisint vere ansreclable (3 nerzent)
for flizhte 40 ~ititudes ns low ps 20,0NC feet vwith an initinl fuel
tenertture nf 1207 P, Fur o £21s4t ecnolsting »f n ellcd to n
354 C00=gs0t rltitade w1t thio rltitude muintaln-d for 8 hours and
with ti:e bonster purm La auerntlon; larses of 20 nercent could be
obtrdned witl AN-F-20 M0l at s inltinl temperature of 120° T,

2. ‘'bet of the fuel-vrynr loua ocourred durl g tho cliub vor-
tins of the fli:ht with relatively 1little lorcs ¢ 'ring tho ronninder
cf the flirit nt esrelnrt nltltuda w'en 1o hoorster purs was uscd.

3. The fanl-vipor lres ineroneed lirenrly vith smltitade tovord
n oritienl nltitido (the ‘hooratiesl altitudo ut which fuclevaper
1oan Vorine).

4, The criticrl altitude increzscd vwith decrermcd initinl iTuel
tomuerntare,

S5 The fuol-vunsr 1loss iveronsod linearly with rn increnne in
a0l temzera%ure above apuronisatoly 307 ¥,

Se Bangter-pumm ogltation markedly incrensed the ficlevaor
4 loen only during tho constant=ultitudo porticn of the flight.
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T. BRate af climd to a given altitude had little cr no effect
on the fuol-vnnor loss for rates of clirdb from 500 to LOCO feot
vor mimate.

8. Tael donth iiad no offeet on fuel-vapor loss for depthna
varring from 1/3 foot to 2 fect. The losmom due to fonmi-g, surging,
¢r bolling=ovor were nnt investigntod.

9« Vorintiona in fuel-nurfsco area had little or no eoffoct on
fuol-vnnor lops for aurface aroas varyins from 0,034 square foot
to 2.7 souaroe fect.

10. Veut=1ino presaurs differential incroased with incrensed
rato of clird e:d, nt a constaut reto of elirdb, built up raridly
soon nftor the criticnl mltitude hud boen roached. When a constant
rute of cli~qb uns muintained, the vent-linc prossure d1fforontial
tended to lovel off,

LITRCOTCILOS

Tho fuel-vzvar loss frow An alreraft fael tark during flight
is coutrollod dr fligcht vorlrdblos #nd by fuel charnctoristicae, Somo
of the banie cn:cents relatinug fael chzractoristics to the nradlem
of fuelmvanor lzes have been Luvortigeted in conineti with
atudiecs mute on vatopr-loclking ol fuol ovreiomn, The changes in fuel
charectorintica during £1li-ht, tho olfect of wenthoring, nnd the
effect of nir diasnlved ir tho fuol o. the vapor-lockinz tondoncios
of tho fucl, ©s8 wcl) ns a mothnd of rodacing faol-vagor loss dy
cooling the fuel tolore flisht, hove benn dimcursod in scvoraul
vrogreis rencrta of tho Coordintting icmorrch Councile Tho frctora
uffocting fuel-vemor losn dimecursed horeln inelude cltituds, ini-
tial fuel temvertture, rnte nf cli'b, broater- rumw aglitotion, faol
dorth, fael=surfuco aron, tyvos oi fuol, nnd vont-line presaure
drov,

Data coverins tho effcet o thoan v riatles on frol-vaior loss
wero obtairned in 1S43 rud 1)UL by siic laborntorios — Booing Alveraft
Comoary, (rsh Eupl.coring Coramay, Chio Stato University Mesonrch
Teardation, Posco Producta Comnny, Porrtt & Vhitney Alrerait, snd
Thomieon Praducts, Ince - €3¢ tho Army Alr Forces, Alr Tochnicrl
Sorvico Courand, and tlo ilnvy Dopartmant, Buroau of Aeronuutics.

At tro requont of tho Army Air Forcea, thoso dnta tore aralyzod
nt tho WACA Clevcland laboratory daring August rnd Soustouder of
1944,
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APPARATUS AND TEST PROCEDURE

The apparatus us2d by oach of the gix laboratrories is llsted
in suble I for comparison, in peneral, the apparatus conslsted of
a fuel tznk subjected to altitude pressures by a vacuam pump, A
means of measurirg fuel loss during the test, and a rmeans of con-
trolling and reasuring the fuel tenperctures, The simulated=flight
control usually consisted of a mnnually or automatleally operated
blead valve In the line between th: vacuurm pump and the fuel tank
for regulating the rate of clirb ani the altitude., The altltude
presgure was mearured by a mancmeter nennected to th~ cuter end of
the vant line, oy a manometear eonnected to the lnslde of the fuel
tank, cr both, The emount 28 fuel-vapor 1n5s aas rcund by measuring
the chunpe in fuel welpht of a fuel tank rourted cu a balance, by
measurlrng the chance ln fuel volume with a calibrated plass window
in the tank, or by condensing the escaping fuel varcr and taklng
volume measurenerts of the condensate.

A simllar test procedure was follewed by eash of the aix
laberatories, The r'uel was first Leated to the decired inltial
fuel temporature and the funl tank ras then evacunted accordlug to
tha decired 1ickt path, Altitude-presswe anid fael-temperatwe
readlniss were reocorded at deflnite time intervals. A sarple of
the fuel wac taken at the beginnlng and at the end of each test in
arder to measure Helid vapor pressures and to obtain A.5.7.0. distil-
laticon curves, The yprocesurn followed ardd the slmulated flights
sorducted by each of the labecrateriea ars presented in tablae Il.

EVALUATIQY GF TEST FROCEDURE

™.

Geraral dources ef Errer

In order to evaluate preperly tne iata presented, the several
possihle sournes of err r in the test precedure and the ifferences
brtuean the econidltlons thut ray oceur during Actual fligskt and
trhose that ray oecur during simulated flight should be considered,
These sourcen of error conrsn to ment »f the terst installations
used to obtalr the data in the six laboratoriss are discussaed in the
foliowing parasrache, rot necegsarily in the order of thedr relatlve
irrorvunce beeause dral order io nnt known,

le Alr leaks tirourh the seans, the w2lda, and the fittings of
the fucl taalt are the mo-=t serlous roeclhle ssarzer of errcrs A
relatlvely srall alr leak near the bottom of the funl task voull
proiuce appreciable liases at the Pighoer slrulated altltudes and
the losses woull inerease as the Jdoratior of the 11kt lnmereased,
Ir all tonts, exce t those conducted by flash, atmcspheris preasure
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va3 on the outside of the fusl tank and altitude pressure wes on
the inzide, In moct 2as2s it was rather difficuliy, if not inpessivle,
to te certain that no leiks were present.

2. In nens cf the tests, exesrt those ecnducted by Nash and by
Roeing (test zatup No, %), was uny attenpt rade to ccntrel the ten-
perzture cf *he air surrouniing the fuel tank, Although in all
cascs the fucl tank wos Ilnailated to some extent, any hest tranaler
fron the fuel to the outside air 'would zffect tha test resulin,

In the tests couducted by Nash, the curroundlig-alr temperature
was waintuined at (0% Fy vhersas, during the tests conducted by
Soein:, the surrounding=zir tempasrsturs was maintzined equal to the
fuel temperature,

3. In 211 of the tests excent tlpaz conducted by Ohle Gtnte,
the £l teuperatare was reamued ot a 3ingle point in the tuel
tank, In tests conductod with cuall quartities of fuel, such us
those pervormed ty Brelug on the rrelisliary tust setuo and on test
setur 4o, 2 vhers 2 liters «{ fuel were uzad, it 13 cntirely poscible
that tro .veraie fuel temperat'xTe was measared, With the lurger
Guultlties of fuel {5 ta 24C pal) ased by the othar lakoratorles, it
is rlrhly impreobonie that tue average terperature of the fusl threurh-
out the tark at tie start of the test could be mensured at a single
polnt unleas the fuel was azitated for a low period of tiie, 1n
the tests snnductedl by Ohio ltute, the thermccouplex werc incited
6, iy 18, 2, and 30 inches freon the tottom of the tunk. Thas an
aceurate check on the fusl lesperature throughout the full depth of
the tuk wis posuible,

lie The effret on fucl=vipor loss of the ameunt of air dissclved
ir. the pasoline wis not lnvestiizted by any of the laboriatorica,
This varloblo may have introdueed some error in thic recorted test
results but its mognitude fancot oe eatimatod because the effect of
dissclved alr an fuel=vacor logs Ls oot krow,

Se Alrplare altltude is usuilly considired te be the presswre
altitule outnile the alrnlace, wich is b2 sane az the pressure
aititule agutiide the fuel-tank vent line, In the ginulated tlights
corductedl by roat of Uhe lasovatorics, the prescar: altitude at the
ernt n{ the vt line was controiled, 1in the teats conductad by
Honurgy waid oy Pratt & hitney, lowever, e measured altituade vas
they wressuae altitade eviotine wituin the fuel tank ard therefora
should difter from that reacared hy Lic other laboratories by the
Al ference hetwzen tho cressure pithin the ruel tark end the orea-
aure at tle erd of tha vt ilae,
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Individual Sources of Error

The individual nources cf orrsr rnd tho difforemnces betwoen
actenl=fliznt coniitious and simalated-flipht conditions for tho
tast uroccdaros of cach of the six lrboratories are us follows!

Booing Alrer-ft Commen-. = Thirco tost installntions, referrsd
to as "prolimiiar; sotun," "test setup lin. 1," and "test sctuv
9. 2," verc used in tho tost conducted br Boolng. Tho test
rosulta obtainod with tont sotun ifo, 2 woro censiderod by EBoolns
to bo the meet roliadble nnd tho groatcat omphasie was nlaccd on
thoso results.

Ii. the facl—-temooring rrocoss in tho preliminary sotup and
notun o, 2, the fusl was oclectrically heated. During thin heating
precessy, locnlired bollirng might pcasibly havo taken plmes and
causad some faol loss or wonthoring rrior to the simulnted flight,
The Booing reonrt does not etate vhothor the aystom was clesed to
tho stmosphoro durlux the tcamerl. g yr-cess nor vhethsr aticuots
woroe mnde to momsuro any fuol loso oceurring during thias precess,

The Bnoins rorert ddes not strte whether the weighliarn sealo
usod ir the wroliminary cotun vnd sotas lin, 2 was cnlibrated. With
tho veut nnd the nannmoter line convoct~é Circetly to the flnek,
na ivearrcet woight monnuromont covld poesibly have been obtaineds

Ineh Eglaoering Corponye = In tho tests conductod by i'nsh,
the ficl was drought to the Cosirod temorsturo by cirsulating it
tareusna »u <« tcrunl hont exechanger by n booater wump. Tho insh
report does 1ot state whother the veot to the ntacsphere wns clescd
during thio temmoring vrocese or vhother rn attemrt wras mude te
meagit*c *he losn, 1f auny, during tiils acrind.

All fa0l mengaromentne vero medo on n velumo bagls :ad hed to
boe coarractod to uresert tho data in torma »f woight losa of luol,
Involved in tho emvarsisan uro eoruponnaiisus for tha temnornturo
and far the snaclfic gravity of ¢ romalduins fael. The method ased
of dotorairing tho varintion of sncelfic grivity with worcontego
losa Lle net etatod,

iin faol=loce reasurcmonts werc mado during the climb period,
Tho fuol loss w.s ealealitod only at 10 minuteos nftor the cnd of
the cliub and st tho cnd of thic tort, although d:ta vore telon =t
dofinlte tiuc iutorvele thrmushicut tho coustant=nltitade pertion
of tho simuluted Jlight,

Ohis St~te Univerpgity Ncscarcn Foundntion. ~ The datn vr-ocoutad
r Chin Sinto shov that the Roid vepor prossare »f the snssline
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momgurcd before tho stort of tho toots veriad from 5.32 t5 6,L2
wounda par equare inch. Figure 1, obtaincd from tces d-ta, ehown
thant o variantion of initial Reld vrgor nressuroc botwcen thoeo linite
mry cuveo a varisticn of as much ns 8 perea.t in tho fuol-vavar loecs.
(The iritial Roid waper “ressure of tost Is. 2=120-Bl was 2.C3 pounde
por squnra lueh. In~ormch -8 this inltial Keid vapor pressure wus
lower than ti:a final deld vaper oressurs of this pz-.rticulnr teant,

1t was conmidered to be & typosrmphicrl orror.)

The Roi@ vagor orcazure of the fuel at tho start of tho tests
dcorcusod with rn increaso in the initi=l fuel tcuporsture. This
docrenso indicates thnt the fuel uev haro bocn wontherced during the
heating oroceose. In somc ococs the groosline 'ms stirred in the
fuel taauk to oqueliza the fuol tewunernturo within the ton's but ths
mothod cf otirrirg the gneoline im not etntcd. Stirrings of the
froolins may wortiior tho fuel ard cffoet the fuol-vapor lnse,
cspeelelly 1f ths tauk is vontnd te the cutsido atmosphora during
this mroccas,

Posnn Prolucts Corpany. = Very 1little inforantion is proacnted
in tho Poso> ropert abeat the teat rrocodare ured, Tron tho ine
forration obtulned durine & ta‘c)‘\o" convarention with ¥r, R. B.
Wnllace, yrroject ongiroor £2r thsso terte, it wns concluded thot
oomd of the pousidle rourcem of orrar aro rg f31lowa: °

1. Tho ecrlo aeced during the toats wae vt crlibratod. ¥ith
tho vort, thae mrromctor, the therrcenuplo, tnd tho broater<-numm lines
connectod diroctly to the faol tank, 1t 1s possible that an incsrrcct
wolpght me~eurcmant esuld havo dbecn odbtaincd.

?s  Tha fuol wra hoestecd b circu"nting it throush tho coﬂu of
an oil buth sedatainod at a tosarsturo of romroxtretoly 150° F.
8onc lecealizoad bo1linz of the f..e‘ moyr v orourred in tho o1l
bath beceruso the initirl bollings ﬂcht of tho fuaocl 1s bolow 150° 7
(rormall s botween 100% ¥ nrd 170° F).

3. Somc of the vnpor rrraod durine the tomveri-g procens by
locelized ficl bellins arnd sgitrtion Lo havo osenped througn tho
vout 1lirs irneaach .8 1t wne ocren durines thio .erlod. The Pcaco
report dsns not stito wacther rry ascamurcaoutas of coesible fuol losas
¢arine t-is jporiod weie unde. Fo ca2dek cn this unssitle losa can
T2 malo Yoonusd thc iultirl fucl samplo wme romevod boforo tan faol-
toupering pronoss.

%, The ficl toaporrtarc wia monsurcd ty n einelo thermncouyle
1sc-tod apcroxinatoly 1 inchos from tho bottom ocarter of tho t'uJ'.
vhich ray rot hrvo menlurnd. the truo nvornge fuol tompereturc wiihin
the tank,.
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Altituds

The effoct of sltitude cn fuel-vnvor loss is chown i: rigire 3,
ir. vhich the fauel losa during the clinb period has been nlotted as
s fonction of altitudes with initinl fuel touperatures of 6c®, 0%,
00”, 100°, 110°, nnd 120° P, A reprocoutative averase nns toen
drawn far sach temeraturs cnd thece ecurvee are presented in fig-
ura b, In *hcac curvem ihe datr obtninod by Pesce vrricd an ~rortly
from the averaze af the detin obiained by the other lnberatsories that
they wera disremnrded when the averase curve vos drawn, In figuare !
tho carves for the verinus initinl fiel temieratares fnllow the anme
goneral trent. Enck curve shove a norligible loas ur to an aopros
imnte critical sltitude (the thooretical eltitudo at which facl-vuper
loss begina) from which peirt the fael-vipor lese incremses linecarly
with incresscd rltitude. The small trensition section nreceding the
linonr vertion of ths curvo nayr be caured by the presonce of uir
eithor in enlation within the fucl or sbove the fucl, whick, upon
beins romcvad, cnrries with it some frel varor. The frot that the
varintion af facl=vaner lces with rltitude is a linecar farctton is
amply brought out in figure §, in vhich date are plotted from a
tast eondactod by Booirng te wun zltitude of £F,000 frot,

Inasmuclh: no the slopes of tho linexr woriicns of the currvece of
figurce U and 5 crc very nourly cquel, the following cquntion dascd
on tke avarnge slopes cf these curvems, noglecting tho trauaitien
scotion ‘there the lcas is smell, can te derived to rpuroxiwrtc the
variastion of faolevayor loas with sltitude dvring o cliabs

% - 2
1.85

(1)

wharoe
L fucl=vauor loas, porcent
Z altitade, in 1000 fcet

Zg criticnl nltitude, in 100D foct

Iritial Fanl Tomnorture

The waried cflect thrt initial fuel temerature hus on fhole
vanor loss is nhe. in fisire 4, Boonusce tre vauoar -re~surc of the
fao0l incroanes with tomreraturc, the critlonl rltituln dorrennos
with ircroascé fuel tomperaturcs. Tho critical nltitude can dbe
cbhtained by rxtonding the linear portisn of the curve of fucleviner
1aso nlotted ngrinnt eltlitude to the prtut of zero losa. The

5.
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eritical altitudes thus obtaired from fipurea l und § are plotted
as a functicn of temperature in figure 6, This fipure inuicates
that a linenr relation existz betwecn the initiul fuel temperaturc
and the critical aitltude. This relation for the fuels used in
thies: tosts may be expressed by the equation

Z, = 5. = 0.37T (2)
vhere T 1is thoe initial fusl temperature in F,

Equition (2) may be combined with equation (1) to pive a
possible p.neral ejuatlon for tne fuels ascd in these tests raluting 'S
the fucl=vapor lors during a clirb to =ltitude with initial fucl C
temperatures betwean 60° F and 1209 ¥y

Z+ 0.37.T = 55, . . .
L= -—le—u (’)
It may be necessary to obtain additionrl data to establish ocmpletely ’
equatisn (5) for Muture use.

The fuclevancr loss at several perisis luringe the test (10 min,
1 hr, und 8 hr after the end of the clirb perind) in plottud ir fir-
ure 7, atlch shoss that fael=vador loss tends to vary lineurly with
initial fucl temperaturcs above aporoximatily 80° F after the end
of the clirb period ns well as during the climo weriod,

Fate uf Cliub

Tho cffeet of patoe of 2lind to a eriven altitude on Cuelevapor
loes is che'm in tipare 8, Althourh all the data cresent:d were
obtzined by Bocing, the pesults indieate that the rate of clinb to
a plven wltitude had 1ittle o a0 et on ftuel=vaipor Loss with
rates of climh vurying rro 500 to 2000 £t per minute, The.Nash
tests alao indient:d that no sppreziibic change in fuelevapor loss
acearred wlth a chunge in the rate o1 elish fram 2000 to LOOO feet
per minate, Tha date obtained by Boalng curuot be directly corpar:d
with those obtidned ty *he othar laborataries boeius. the Boeing
545 were acndutted vith tn indtial fael tepporsturs of 1109 F,
wheroas the tosts of the ather lakarateries wepe conducted with
initial fuel wmperaturcs of 120° F and 10° F, The two avaraps:
Lucl=vapor sury:s frem rlgure I at initial el Lemperatures of
1207 F and 1297 ¥ with rates of =limh -f HOUO oot per minute are
also shown in {isure B, The ecurves obtaired by Bsein,: fall very |
nearly midmay bebtween the otbor two crves with almest the same
charieteristics awl slope, vhileh sooms to indicate that rate cf
elimb has Little ar no effict on funlevanor loss, even as to a rate e
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of climb af hOOU feet per minute, Inzreased ratea of climb above
WO fact per minute may cause lncreased fuel losa if surping and
foominge are ancountered,

Rocster=-Pump Agsitation

A series of curvas s.ucwira tuel=vapor Lloss as a functlon of
initial fuel temperature ($ie, 9) sirilar to tne scorics shordny the
affect of initial fuel temperatur2 on turl-vopor Loss waa sbtaired
vith the ruel apitated und eireialated by 4 beonter purp., Tils
scrles of curves anl the series rotuired vith the fuel unagitated
are replottod in flirure 10 for corparison, This figure inuicates
that the fuel=vapor 1lose votn with ond without wieltatisn tenar to 'S
be nearly equal at thz e:nd o Lhe elimb nericd,  Fipus 10 alse ;
indicates that, a3 the 1lisut progreanes wt ¢ onutant altltade, the
loas with agitated fuel becores increasingly greatur thin that rith
the unapitated riel, Durdnic the climy perioa, vhe Liph rate of
fuel Llrss reaulting from the Holling of the fucl is ucromparied by
eonsiderable agltation of the fuel. The asiion ol the ooster rump
adds Llttle to the apltation zlrealy present or to the tuel 1ors
during the relatively short elimk serdc i, During the reistively
lon:; quirncent conat-ntealtitude ocrtion cf the simalital Y1i.ht, .
however, the adilticnal o83 due U bocgter-punn diltutlon is
reatily avlient,

Fael Denth

Data obtzlned by three Lub ritorics (0ido State, Thormpion, “nd
tasit) on thz effect of fuel lenth on fael-veipor loss 1t 1o mlaates
after th: vul of the eli~b %, 55,000 feat wlith an fuitial el tes-
perature of' 120° F are pregonted 40 Cieare L, Tids Pliare indletes
that. fu=l -epth has no eltect on Lhe Nel=vior losa e fael -ispths
varying from 1/; fuot to 2 Peot, The onnea due o marcing, fousninge,
or boilinys~over whien bLhe tuel tank 1u tillcd eloas to eapacity wwere
net iaveatloatad,

Fucl=3urlace aren

Nashi, the only labor tory eportine tezts on the eftect or
fuol=~aurfica nrea on tucl=vupor loss, conduwctad sluilar tests with
tar fual tuaks, one havlng a Melesurface ared of ) square vt and
the other a fuel-surfacs ar-a 1 7,7 squaar: fret, Jach roocrts an
averwn: ruel=vapor 1oss oF 4,7 neremt (average of Ycur testa)
during a cimulatad £licht with the sualler tank ani 10,37 rereent
(avera, e of three tests) witk the Yarpoe tank 00 tae acme siealated
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flight. Thesc rosults acem to indiente that the veriation of pure
faco arcn has a neglisidlo offect n: fuel-vnyor loss.

Tndle I indiecatons thut four of the cther lebor:torics conductcd
tests in which *he faci-surfuce arcas vorc nearly oqunl (npprori-
matcly 2.7 a1 £t)3 wherons Boeing (with test setup 0. ?) ecndicted
tests o fiich tho fuol-surfmco nrea wes oxtremely small (npproxi-
mstoly 0,034 sq £t). Tho fuol~vepnr-loss eorrlcstinn obtalued amng
tho alx 1lnbori .tories in figuros 3, 7, and 10 indi~ates that the
surfuce arcz 2f tho faol hue little, if auv, offcet on faol-vapor
loan, ILinaffiolcnt dnta aroe progont=d for a moros cymra-onsive
wnolysis,

Trpes of Ficl

Sovoral fuels were usod by the virious laboratorioz in tho teots
eonductod to determine tho frel-vn;>r loss Carins sizulated flight,
Booins #nd Prutt & Whitnoy (and, nlthoush not stated, mrobably
Thempaon cad Thins State) usad A-F-23 £20l; Pised used 37-nctnue mnd
€5=octune £acly rnd Yngh usod Al-VVeF=773, Amcréa~nt=3 fucl ard
A'=VV=7=78), Aucrdment-5 fuol. (830 tablo I.)

An 1-dieatnd 1w flgare 2, th- fuols uaed or resh reailted in a
sli,htly lower fuol=vaynr lazs than thoso used by Nhio 8tato mad
Tronnmore, T.ue loss under the srmo oarditione for Peaco is not
vlattnd 1i this curvo bocruso 14 wea 5o larisa ng to Hreel:de the
1o0o81ibi1lity of nuy cuuse cxeont oir los'mzs. {Loas a¢ the ond of
the Pasco teat £ir the suw~ eonditinng ag those shewn ia firs. 2 wma
78." werecits) In fifuro 7 tho f:iclevnior losacs nt roversl iunitlal
fuel tcemmernturcs feor oach of the lnbor:.torics, eveort Boeciig, aro
comrercd and show un genoral tronde Tomafficiont cvidsico ia
proacnte? fapr a emmreotonsive avrnlveis,

Prcagurn Drop in tha Veut Liwe

Tho jrossue drop 1u the fual-task vent lines 1a irportoat
becrugo n rrosgire Airforc.tinl lons than a speeified mexisum nast
bo mnintained serosa tho wall of tho fuel truk daring flisit to
rgsare tho eolfesonling rreo.crtion of tha fucl tanikz whea it s
paactertod b gun fire.

Dta obteuined hy three lavnratories (irsh, Thom-aer, ~u.d Fooing)
on tho “ressur? drey in ve:t linan duriwn: siz:lated-flisht toats
ander poveral flisht conditiens arc prescnted 10 flearor 17 mid 13,
Bocnase of tho varietisng in osiza und enfigurstion cf tho vent 1linos

e — e —— - - — o ————
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agod 1n tho various tests, the rosults obtained from thoso ladorn=
toriog cnunot bu comparced; the resulte obtainad by onch labecratory,
howovar, will be ciscussod individually.

feah Eacincering Comparny. = Tho vont line cousicted of 1T foct
of l-~inoh=cutsilec-dianotor vent nive end was wound in a large loop
(round the fucl tark within th: altitudo chambsr, The vrospure drop
in tho vont line wns wonsurod by s difforontial manometor conncctced
botieor. the iraido ef tho fuel tnaz ard » neint woar the ond of the
voat 1inoa

Trhe varivtion in ve:t-linc vrosnure difforcntinie durirs alnue
1nted £l4rht for sevorsl initiud Zucl tomporaturos (shewn in
figz. 12(n)) i sinilar, witi the initial virescure difforential
accurrinz st the initial ypeint of cpprocisble fual-vapor l-ss
(crobabl closs ty the eriticd) altitude). The urescure differen-
tinl tende to reorch a maxirram within o relativoly ehort tice and
thon levols off for the romrirnder of tha colimd poriod. Tho leveiing-
off canr b oxpceted breauso the rate of Sfuol-vaopsr lnss with nlti-
tade la corntmt during this voriod of the siivlated flight and the
presasre diffeorontiel throush the vontd line is a fanctisn of the
wcicht rnte of flow through it.

Tuompesn Productg, Ine. = Tho vent 1lineo usod ia the tests
eondustod by Thompacn coneiated of 10 font nf l~inch~cutsido-diamector
wbinz esntainine three 90° bonds rud pado 1 af soven scetinne in
ell, cnrch eoticctod bv floxitle eosupliies, The tresaurs drco in tho
voat 1lino was recarded an tho Jifferaaco katwoer tho vrecsuro in
tho fuol tunlz aznd that iu t:o "altitudc teock." The curves of vroc-
surc drem as £ function ~f altitudoe (fig. 12(b)) ars cf tho smo
reneral ohauo nud ntart at apureximatel thn semo altitude ns these
stovn in tho Mash report (£ipg. 12{r)). Tra reoi? inercvec in prose
mac droy ovor tho yrossiro drop reuorted dv ilneh 1s jossibly due
t2 tho incrovsecd ronistanco offorod by the bonds -wnd eourlines in
the vont 1li-ce

Bocligr Advernft Couprry. = The curves proscnted in fircure 13
vere wlntted from drta obtaired ou tont nothu "o, 1, in wialch the
veat-wrossure drop during sinclited flizht ot sovoral rates cf climb
vus rlottod =8 n funetion of ultitudes The covpany rconcrt dneor act
ntato how tho piresnuro drop in theo vout line was weteurod. It is
thorofcro nasumod that tho preossure drop was scasursd an the diffor-
cuzo Totw:en the wreagure in the vacunm tan ard that in the Erlen-
uaycr flamlkze From on iuspsctioc of the chotagraph of tho tost 1n-
stnllatisn, tho vent lino apronra to be rbout 3 foet lonpg ~nd to
coutnin n 3/f-inch orificc conncotod by scctions of 1-inch self-
roaling hose to o gste valvo mrunted on tho altitudo tk. Thc
carven show th.t the sreonsure drop in the vert tube ut n given

e e TR &
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altitude incrcesos with an incroase in rato of climb. Thins condition
is to e oxvoctod bocausc tho rnto of fuocl-vaepor loass inoroasos with
irerenscd rato of elimd and the rrossure differontirl ancross tho
vont lire is a function of tho woight rate of flow through tho vont
linc. Tho drovy in prossure diffcrontial with inercase in cltitudo
bofsro tho end of tho elimd poriocd, howeover, was urobmbly die to

the fact thot n oonstant rete of climbd of 20CC and HOGO feot per
minuto could not be mmintainods

Gonapn) irgrds. = On the basis of the dntn vrosontod frem tho
gh, Bocing, ond Thompsou lobarrtorics, soverazl gonoral tronds ctn
bec noteds Tho vert=line prossarc alffcrontinls l(zl) ireronnca with
ircrongsod rote of climbdy rrd (2) inerovros ropidly with ireronsod
«1titudo =t the point ~t vhich rppreeirslc fucl-vapor lens oceurs
rnd has n tondoncy te level off if a constant rnto =f climd in
mainteainod.

COrCLUSICIS

Sn the brsis of n comparison of the datn wrescnted by six
luboratorion on the fucl-vemor lenn from fuol tanka during simulated
flizht, tho fcl'owing conclusisns hnve been reachod!

1. Fucl-vuror losses during flisht voro nuproeiablo (3 porcont)
for flighta to nltitudcs ns low ae 20,000 f:ct with an Initial fucl
temuoraturc of 170° ¥. For n flisit conaisting of n climb to n
37, 0C0=foot rltitude with thia mltitudo crintniped Yor & hours and
with tho boostor pump irn oporetion, lorsce of 2C porcont e~mild be
obtrined it AU-F=2€ fuol at an initinl tompcrnture of 120° F.

2. lost of the fucl-vunmor loans occurrcd during the climd
poertion of tho flirgkt ith rolatively littlo lors during the remain—
dor of tho flight »t constant nititudo wiren nn boontor pump wan uneds

3. Tho faol=~vapor lnss iueronscd liicnrly with rnltitude boyond
n critical nltitvdo.

4, Tho eritiecal sltitudo incronncd with dzerornod initirl fuol
toam.oiatare,.

5¢ Tho fuol=vopor lcns iucrons-4 liroarly with an ineronsc
in faol tomucraturs nbove opproximatoly 80° F,

6. Boontocruump ngitation morkedly incrennnd the fuol-vopor
loss during tiio eonstmnt-nltituds peortion o7 the fli;ht only.

-~
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Ts BRatec nf climb to n piven nltitude hnd 1ittlo or ne offcet
ea tio facl=vepor leuwa for ratcs of elimb from 500 to LCOO fo:t
por nminuto.

Se  Fuol douth hnd no offect oan fuol-vrpsr losas for denthe
varyivg from 1/7 foot to 2 foct. Tho loas:ca duo to Yomming, surging,
or tolling=over “oro not lnvostignted.

e Veristions in faecl-rurf-ce aron hnd 1littlo ~r no effret on
fuol-riwor lose for surf-es rreca varqing from 0.034 sgicro frot te
P.T 8y1nro foots

1Ce  Voit=linec wreossur: differentinl irerensed vith increteced
rate of elinmd ring, ot o eonntriit rets of elimd, Luilt w rruvidly
poon nfter the eritienl nltitude hrd beon rotchcd, ‘hen r conet nt
rato ¢f ollub wne mrintaired, tho vont=lino preacure difforentinl
tondod to level off,

Alreraft En-ine Rosonreh L-bam.tory,
Tationcl Adviasry Committoc for Acrennuties,
Clevolwn:d, Chie, Doocuber 17, 1%k,
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€. = Oritieal pressure altitude pletted as a funetion
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the effects of individual variaoles. The critical altitude increased with decreased
initial fuel temperature, while the fuel-vapor loss increased linearly with an increase
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